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Aims

This study aimed to investigate the associations between three systemic inflammatory indices, including the systemic immune-inflammation index (SII), systemic inflammation response index (SIRI), and pan-immune-inflammation value (PIV), and the risk of renal function decline in patients with type 2 diabetes mellitus (T2DM).





Methods

We consecutively enrolled 9,537 patients with T2DM hospitalized at Peking University Third Hospital. The systemic inflammatory indices were calculated from baseline blood routine indicators. Renal function decline was defined as an estimated glomerular filtration rate decreasing by ≥ 40% from baseline. All participants were categorized into tertiles according to the systemic inflammatory indices. Restricted cubic spline (RCS) curves, multivariable Cox proportional hazard regression models, and receiver operating characteristic (ROC) curves were used for analysis.





Results

A total of 1,495 outcome events were recorded during the follow-up. The RCS analysis suggested a non-linear association of systemic inflammatory indices with the risk of renal function decline (P for nonlinear < 0.001). Using the lowest tertile as reference, multivariate Cox regression revealed that patients in the highest tertile of the three systemic inflammatory indices had a significantly higher risk of renal function decline (SII: HR=1.67, 95% CI=1.47–1.91, P<0.001; SIRI:HR=1.69, 95% CI=1.46–1.95, P<0.001; PIV: HR=1.58, 95% CI=1.38–1.81, P<0.001). The ROC curves showed that the SIRI was better than other two indices at predicting renal function decline.





Conclusion

A significantly positive association was shown between systemic inflammatory indices and the risk of renal function decline in T2DM patients. Among these inflammatory indices, SIRI has relatively high predictive performance for renal function decline.
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1 Introduction

Type 2 diabetes mellitus (T2DM), a global public concern, was estimated to affect 643 million people by 2030 (1). Chronic kidney disease (CKD) is a major microvascular complication of T2DM, affecting approximately 25–40% of all patients with T2DM (2). T2DM is also the leading cause of end-stage renal disease (ESRD) in the developed world (3). Chronic inflammatory response in T2DM was considered to be one of the factors responsible for the renal function decline (4). Overexpression of pattern recognition receptors with subsequent proinflammatory cytokines activation in innate immune cells, including lymphocytes, neutrophils and monocytes, might play a major role in deteriorating renal function in patients with T2DM (5–7). Previous studies found that a high neutrophil count was indicative of infection, a low lymphocyte count could indicate poor health and stress response, and monocytes could participate in the inflammatory response by undergoing differentiation (8). Platelets may also contribute to renal function decline by mediating inflammatory response (9). Systemic inflammatory indices considering different types of innate immune cells and/or platelets were believed to be able to reflect the intricate interplay between inflammation and immunity more effectively compared to assessing the number of these cells separately.

Considering the possible effect of chronic inflammation on renal function decline in T2DM, the positive association between neutrophil/lymphocyte ratio, monocyte/lymphocyte ratio and renal function decline, including risk of prevalent or new onset CKD, and needs of dialysis, was widely investigated by previous studies (10–13). Systemic inflammatory indices such as the systemic immune-inflammation index (SII), systemic inflammation response index (SIRI), and pan-immune-inflammation value (PIV), can reflect the status of systemic immune-inflammatory response (14, 15). The SII, a parameter calculated from platelet, neutrophil, and lymphocyte counts, was reported to be associated with the incidence of CKD (16), renal function decline (17), and progression to ESRD (18). Previous studies also found that higher levels of SII were associated with diabetic kidney disease (DKD) in patients with T2DM (19–21). The SIRI, calculated from neutrophil, monocyte, and lymphocyte counts, was also confirmed to be associated with CKD prevalence (22, 23) and renal function decline (17). The PIV, a newly defined inflammatory indice, was found to be associated with poor prognosis in patients with idiopathic membranous nephropathy (24), and was also demonstrated to be associated with the risk of postcontrast acute kidney injury (25).

Given that scant research focused on the relationship between the SII, SIRI, and PIV, and renal function decline in T2DM patients, we conducted this study to explore and elucidate the association of these inflammatory indices with renal function decline in T2DM patients, which might be implemented in early detection of renal function damage and improved management in T2DM patients.




2 Materials and methods



2.1 Study design and participants

Clinical data of 62,347 consecutive patients admitted to Peking University Third Hospital from January 1, 2013 to December 31, 2023 were retrospectively collected. The inclusion criteria for the research subjects were as follows: (1) age ≥ 18 years old; (2) patients with a diagnosis of T2DM. The exclusion criteria for the research subjects are as follows: (1) patients with a follow-up period of less than 3 months; (2) patients complicated with malignant tumors; (3) patients who were pregnant; (4) patients with ESRD, including sustained estimated glomerular filtration rate (eGFR) < 15 mL/min/1.73 m2, maintenance hemodialysis, peritoneal dialysis, or kidney transplantation. Details of participants enrollment are shown in Figure 1. The research was conducted in line with the Declaration of Helsinki and received full approval from the Ethics Committee of Peking University Third Hospital (IRB00006761-M2024424). Appropriate consent was obtained from all participants.

[image: Flowchart depicting patient selection for a study at Peking University Third Hospital from January 2013 to December 2023. Starting with 62,374 patients, exclusions included those under eighteen years old (240), without a T2DM diagnosis (41,014), less than three months follow-up (10,442), diagnosed with a malignant tumor (689), pregnant (92), and with ESRD (361). This resulted in 9,537 patients included in the study.]
Figure 1 | Flowchart of participants enrollment.




2.2 Study outcomes

The study outcome was renal function decline, defined as a decrease of ≥ 40% in eGFR compared to baseline. The baseline eGFR was defined as the value of the patient tested during the first time hospitalization. Observation started at the time of first hospitalization, and the follow-up ended at the occurrence of the outcome events, or the time of the latest hospitalization, or outpatient visit. eGFR was calculated based on the Chronic Kidney Disease Epidemiology Collaboration equation (26).




2.3 Data collection and definitions

Baseline clinical characteristics, including age, sex, smoking status, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), the history of hypertension, hyperlipidemia, metabolic syndrome (MetS), coronary heart disease (CHD), heart failure (HF), and stroke, and the usage of insulin, renin-angiotensin-aldosterone system (RAAS) inhibitors, metformin, sodium-glucose cotransporter 2 (SGLT2) inhibitors, dipeptidyl peptidase 4 (DPP4) inhibitors, and glucagon-like peptide-1 receptor agonists (GLP1-RAs), were extracted from the electronic medical record system. Laboratory indicators, including white blood cell (WBC) counts, hemoglobin (HGB), neutrophil counts, lymphocyte counts, monocyte counts, platelet counts, serum creatinine (Scr), blood urea nitrogen (BUN), serum uric acid (SUA), eGFR, urine protein (0–4+), serum albumin (ALB), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting blood glucose (FBG), and glycosylated hemoglobin (HbA1c) were collected at the first time of hospitalization. The determination of blood routine indicators were measured by the Sysmex XE-2100 automated hematology analyzer. Blood biochemical indicators were measured by the HITACHI 7600 automatic biochemical analyzer.

Smoking status was divided into current, former, and nonsmokers. Current smokers were participants who had smoked regularly in the past six months. Former smokers were participants who have quit smoking for at least six months. Nonsmokers were participants who had never smoked throughout their lifetime (27). The BMI was calculated as body weight in kilograms divided by height in meters squared. Hypertension was defined as SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg, or a self-reported history of hypertension, or currently using antihypertensive drugs (28). Hyperlipidemia was defined as TC ≥ 6.22, or TG ≥ 2.26 mmol/L, or HDL-C < 1.04 mmol/L, or LDL-C ≥ 4.14 mmol/L, or a self-reported history of hyperlipidemia, or currently using lipid-lowering agents (29). The diagnosis of MetS required meeting 3 or more of the following criteria: (1) waist circumference ≥ 90 for men and ≥ 80 cm for women; (2) TG ≥ 150 mg/dL; (3) HDL-C < 40 mg/dL for men and < 50 mg/dL for women; (4) SBP ≥ 130 mmHg and/or DBP ≥ 80 mmHg and/or currently using antihypertensive agents; and (5) FBG ≥ 100 mg/dL (30).




2.4 Systemic inflammatory indices calculations

SII = platelet counts × neutrophil counts/lymphocyte counts (16).

SIRI = neutrophil counts × monocyte counts/lymphocyte counts (23).

PIV = neutrophil counts × platelet counts × monocyte counts/lymphocyte counts (15).




2.5 Statistical analysis

Continuous variables were presented as a mean ± standard deviation or a median (interquartile range), whereas categorical variables were presented as a frequency (percentage). Multiple imputations using chained equations (MICE) were used for missing value imputation (31). The Student’s t test or Mann Whitney U test was used to test group differences for continuous variables, and the Chi-square test was used for categorical variables. Restricted cubic spline (RCS) curves were used to depict the relationship between the inflammatory indices and the risk of renal function decline in patients with T2DM. All participants were categorized into tertiles based on the levels of SII, SIRI, and PIV. Cox proportional hazard regression was conducted to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs). To adjust for potential covariates, three multivariate-adjusted models were developed as follows: Model 1, adjusted for sex and age; Model 2, adjusted for variables in Model 1 plus smoking status, hypertension, MetS, hyperlipidemia, the usage of insulin, the usage of RAASi, BMI, SBP, and DBP; Model 3 was adjusted for variables in Model 2 plus HbA1c, eGFR, urine protein, SUA, HGB, LDL-C, and HDL-C. Time to the event in each group of the systemic inflammatory indices (T1-T3) was presented by the Kaplan-Meier curve, and the log-rank test was used to test the statistical significance. Receiver operating characteristic (ROC) curves and the area under the curves (AUCs) were used to assess the predictive performance of the systemic inflammatory indices in predicting renal function decline. Furthermore, subgroup analyses were used to explore associations between patients with different characteristics, including age (≥ 60 or < 60 years), sex (male or female), BMI (≥ 28 or < 28 kg/m2), HbA1c (≥ 7.0 or < 7.0%), eGFR (≥ 60 or < 60 mL/min/1.73 m2), hypertension (yes or no), MetS (yes or no), HF (yes or no), and the usage of RAAS inhibitors (yes or no). All analyses were performed using R software (version 4.3.1). P-value < 0.05 (two-sided) was considered to be statistically significant.





3 Results



3.1 Baseline clinical characteristics of participants

This study included 9,537 T2DM patients with an average age of 62 ± 13 years, and 5,835 (61.18%) patients were male. During a median follow-up period of 26.10 (11.70, 56.23) months, a total of 1,495 participants experienced outcome events, with an incidence rate of 15.68%. Compared with patients without outcome events, patients who experienced outcome events were older, had higher levels of SBP, and had a higher prevalence of hypertension, MetS, CHD, HF, and stroke, had a higher proportion of usage of insulin, RAAS inhibitors, had higher levels of WBC counts, neutrophil counts, monocyte counts, Scr, BUN, SUA, urinary protein, TC, TG, FBG, and HbA1c, and had lower levels of DBP, HGB, lymphocyte, eGFR, serum ALB, and HDL-C, and had a higher proportion of usage of metformin, SGLT2 inhibitors, DPP4 inhibitors, and GLP1-RAs. It is worth noting that the levels of systemic inflammatory indices (SII, SIRI, PIV) in patients with outcome events were significantly higher than those in patients without outcome events (P < 0.001). The baseline clinical characteristics of the study population was shown in Table 1. The comparison of baseline characteristics of patients included in this study (n=9,537) and patients excluded due to a follow-up period less than 3 months (n=10,442) was shown in Supplementary Table 1.


Table 1 | Baseline characteristics of patients with and without outcomes.
	Variables
	Overall (n = 9,537)
	Patients with outcomes (n = 1,495)
	Patients without outcomes (n = 8,042)
	P-value



	Age (years)
	62 ± 13
	66 ± 13
	62 ± 13
	<0.001


	Male (n, %)
	5,835 (61.18%)
	890 (59.53%)
	4,945 (61.49%)
	0.162


	Smoking status
	 
	 
	 
	0.192


	Nonsmoker
	5,443 (57.07%)
	827 (55.32%)
	4,616 (57.40%)
	 


	Former smoker
	3,368 (35.32%)
	556 (37.19%)
	2,812 (34.97%)
	 


	Current smoker
	726 (7.61%)
	112 (7.49%)
	614 (7.63%)
	 


	BMI (kg/m2)
	25.70 ± 8.17
	25.54 ± 3.90
	25.73 ± 8.74
	0.178


	SBP (mmHg)
	136 ± 19
	140 ± 21
	136 ± 18
	<0.001


	DBP (mmHg)
	78 ± 12
	77 ± 13
	78 ± 12
	0.029


	Hypertension (n, %)
	6,663 (69.86%)
	1,206 (80.67%)
	5,457 (67.86%)
	<0.001


	Hyperlipidemia (n, %)
	9,062 (95.02%)
	1,427 (95.45%)
	7,635 (94.94%)
	0.440


	MetS (n, %)
	6,304 (66.10%)
	1,080 (72.24%)
	5,224 (64.96%)
	<0.001


	CHD (n, %)
	4,465 (46.82%)
	761 (50.90%)
	3,704 (46.06%)
	0.001


	HF (n, %)
	965 (10.12%)
	307 (20.54%)
	658 (8.18%)
	<0.001


	Stroke (n, %)
	2,386 (25.02%)
	425 (28.43%)
	1,961 (24.38%)
	0.001


	Insulin (n, %)
	3,167 (33.21%)
	580 (38.80%)
	2,587 (32.17%)
	<0.001


	RAAS inhibitors (n, %)
	4,365 (45.77%)
	853 (57.06%)
	3,512 (43.67%)
	<0.001


	Metformin (n, %)
	3,921 (41.11%)
	416 (27.83%)
	3,505 (43.58%)
	<0.001


	SGLT2 inhibitors (n, %)
	776 (8.14%)
	40 (2.68%)
	736 (9.15%)
	<0.001


	DPP4 inhibitors (n, %)
	676 (7.09%)
	48 (3.21%)
	628 (7.81%)
	<0.001


	GLP-1RAs (n, %)
	246 (2.58%)
	6 (0.40%)
	240 (2.98%)
	<0.001


	WBC (×109/L)
	7.01 ± 2.31
	7.35 ± 2.52
	6.95 ± 2.27
	<0.001


	HGB (g/L)
	135 ± 18
	127 ± 21
	137 ± 17
	<0.001


	Neutrophil (×109/L)
	4.44 ± 1.81
	4.81 ± 1.93
	4.37 ± 1.78
	<0.001


	Lymphocyte (×109/L)
	1.88 ± 0.64
	1.76 ± 0.64
	1.90 ± 0.64
	<0.001


	Monocyte (×109/L)
	0.44 ± 0.15
	0.47 ± 0.16
	0.44 ± 0.15
	<0.001


	Platelet (×109/L)
	211 ± 56
	209 ± 59
	212 ± 55
	0.077


	SII
	457.01
(316.18, 687.9)
	532.00
(352.97, 812.19)
	446.04
(310.77, 663.70)
	<0.001


	SIRI
	0.94 (0.62, 1.47)
	1.17 (0.78, 1.84)
	0.90 (0.60, 1.40)
	<0.001


	PIV
	193.36
(121.33, 315.90)
	236.09
(147.51, 387.58)
	185.27
(117.77, 301.61)
	<0.001


	Scr (µmol/L)
	78 (67, 92)
	84 (70, 107)
	78 (67, 90)
	<0.001


	BUN (mmol/L)
	6.13 ± 2.49
	7.32 ± 3.43
	5.91 ± 2.20
	<0.001


	SUA (µmol/L)
	344.94 ± 115.15
	369.08 ± 108.64
	340.45 ± 115.78
	<0.001


	eGFR (mL/min/1.73 m2)
	82.75 ± 23.64
	73.14 ± 27.68
	84.54 ± 22.36
	<0.001


	Urine protein
	 
	 
	 
	<0.001


	0-±
	8,068 (84.60%)
	984 (65.82%)
	7,084 (88.09%)
	 


	1+-2+
	1,036 (10.86%)
	281 (18.80%)
	755 (9.39%)
	 


	3+-4+
	433 (4.54%)
	230 (15.38%)
	203 (2.52%)
	 


	Serum ALB (g/L)
	40.01 ± 4.53
	37.67 ± 5.16
	40.45 ± 4.26
	<0.001


	TC (mmol/L)
	4.31 ± 1.24
	4.45 ± 1.47
	4.28 ± 1.19
	<0.001


	TG (mmol/L)
	1.54 (1.10, 2.25)
	1.60 (1.14, 2.45)
	1.53 (1.09, 2.21)
	<0.001


	HDL-C (mmol/L)
	1.01 ± 0.27
	0.98 ± 0.27
	1.01 ± 0.27
	0.001


	LDL-C (mmol/L)
	2.58 ± 0.96
	2.60 ± 1.04
	2.57 ± 0.94
	0.296


	FBG (mmol/L)
	8.03 ± 3.13
	8.21 ± 3.54
	7.99 ± 3.05
	0.021


	HbA1c (%)
	8.07 ± 1.93
	8.27 ± 2.09
	8.03 ± 1.89
	<0.001





BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MetS, metabolic syndrome; CHD, coronary heart disease; HF, heart failure; RAAS, renin-angiotensin-aldosterone; SGLT2, sodium-glucose cotransporter 2; DPP4, dipeptidyl peptidase 4; GLP-1RA, glucagon-like peptide-1 receptor agonist; WBC, white blood cell; HGB, hemoglobin; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; Scr, serun creatinine; BUN, blood urea nitrogen; SUA, serun uric acid; eGFR, estimated glomerular filtration rate; ALB, albumin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin.






3.2 Association between the inflammatory indices and the risk of renal function decline

RCS curves were used to depict the dose-response relationship between the inflammatory indices and the risk of renal function decline in T2DM patients. Figure 2 showed that there is a significantly positive association between the three inflammatory indices (SII, SIRI, PIV) and the risk of renal function decline (P for non-linear < 0.001).

[image: RCS curves between the inflammatory indices and the risk of renal function progression in patients with T2DM. Graph A presents SII, graph B presents SIRI, and graph C presents PIV. All graphs show an upward trend, indicating increasing HR with higher index values. The shaded region represents the CI, and P for non-linearity is less than 0.001 in each graph.]
Figure 2 | RCS curves between the inflammatory indices and the risk of renal function progression in patients with T2DM. (A) SII; (B) SIRI; (C) PIV. The RCS curve red solid line represented unadjusted HRs of the inflammatory indices across the whole range. The black dot line represents the reference line when HR = 1.

As shown in Table 2, when these systemic inflammatory indices (including SII, SIRI, and PIV) were treated as continuous variables, each one-unit increment of them was significantly associated with an increased risk of renal function decline in the unadjusted model and the adjusted models, in which patients with increment of SIRI might had the highest risk of renal function decline compared to those with increment of SII and PIV (HR = 1.066, 95% CI: 1.030-1.104, P < 0.001 in the Model 3).


Table 2 | Cox regression models for the association of systemic inflammatory indices with the risk of renal function progression.
	
	SII
	SIRI
	PIV


	HR
	95%CI
	P-value
	HR
	95%CI
	P-value
	HR
	95%CI
	P-value



	Unadjusted model


	Per unit increase
	1.001
	1.001-1.001
	<0.001
	1.233
	1.196-1.271
	<0.001
	1.001
	1.001-1.001
	<0.001


	Tertile 1
	Ref
	 
	 
	Ref
	 
	 
	Ref
	 
	 


	Tertile 2
	1.51
	1.32-1.73
	<0.001
	1.54
	1.34-1.78
	<0.001
	1.49
	1.29-1.71
	<0.001


	Tertile 3
	2.44
	2.15-2.77
	<0.001
	2.44
	2.13-2.79
	<0.001
	2.24
	1.97-2.55
	<0.001


	P for trend
	 
	 
	<0.001
	 
	 
	<0.001
	 
	 
	<0.001


	Model 1


	Per unit increase
	1.001
	1.001-1.001
	<0.001
	1.209
	1.170-1.249
	<0.001
	1.001
	1.001-1.001
	<0.001


	Tertile 1
	Ref
	 
	 
	Ref
	 
	 
	Ref
	 
	 


	Tertile 2
	1.48
	1.29-1.70
	<0.001
	1.46
	1.27-1.69
	<0.001
	1.45
	1.26-1.67
	<0.001


	Tertile 3
	2.33
	2.05-2.64
	<0.001
	2.22
	1.93-2.55
	<0.001
	2.16
	1.90-2.46
	<0.001


	P for trend
	 
	 
	<0.001
	 
	 
	<0.001
	 
	 
	<0.001


	Model 2


	Per unit increase
	1.001
	1.000-1.001
	<0.001
	1.187
	1.149-1.226
	<0.001
	1.001
	1.001-1.001
	<0.001


	Tertile 1
	Ref
	 
	 
	Ref
	 
	 
	Ref
	 
	 


	Tertile 2
	1.43
	1.24- 1.64
	<0.001
	1.42
	1.23-1.64
	<0.001
	1.41
	1.23-1.62
	<0.001


	Tertile 3
	2.25
	1.98-2.56
	<0.001
	2.10
	1.83-2.41
	<0.001
	2.05
	1.79-2.34
	<0.001


	P for trend
	 
	 
	<0.001
	 
	 
	<0.001
	 
	 
	<0.001


	Model 3


	Per unit increase
	1.000
	1.000-1.000
	<0.001
	1.068
	1.029-1.108
	<0.001
	1.000
	1.000-1.001
	<0.001


	Tertile 1
	Ref
	 
	 
	Ref
	 
	 
	Ref
	 
	 


	Tertile 2
	1.32
	1.15-1.51
	<0.001
	1.38
	1.19-1.59
	<0.001
	1.31
	1.14-1.50
	<0.001


	Tertile 3
	1.67
	1.47-1.91
	<0.001
	1.69
	1.46-1.95
	<0.001
	1.58
	1.38-1.81
	<0.001


	P for trend
	 
	 
	<0.001
	 
	 
	<0.001
	 
	 
	<0.001





Model 1 was adjusted for sex and age; Model 2 was adjusted for variables in model 1 plus smoking status, hypertension, MetS, hyperlipidemia, the usage of insulin, the usage of RAAS inhibitors, BMI, SBP, and DBP; Model 3 was adjusted for variables in model 2 plus HbA1c, eGFR, urine protein, SUA, HGB, LDL-C, and HDL-C. SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; MetS, metabolic syndrome; RAAS, renin-angiotensin-aldosterone; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; SUA, serun uric acid; HGB, hemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.



Participants were further categorized into tertiles based on their SII (T1 < 81.66, T2 358.60–589.00, T3 > 589.00), SIRI (T1 < 0.11, T2 0.72–1.24, T3 > 1.24), and PIV (T1 < 23.00, T2 142.30–262.20, T3 > 262.20). According to all three adjusted models, the highest SII tertile was linked to an increased risk of renal function decline (Model 1: HR 2.33, 95% CI 2.05–2.64, P<0.001; Model 2: HR 2.25, 95% CI 1.98–2.56, P<0.001; Model 3: HR 1.67, 95% CI 1.47–1.91, P<0.001). Using the lowest SIRI tertile as the reference, participants in the highest SIRI tertile had a significantly higher risk of renal function decline in both the unadjusted model (HR = 2.44, 95% CI: 2.13-2.79, P < 0.001) and the adjusted models (Model 1: HR 2.22, 95% CI 1.93–2.55, P<0.001; Model 2: HR 2.10, 95% CI 1.83–2.41, P<0.001; Model 3: HR 1.69, 95% CI 1.46–1.95, P<0.001). Using the lowest PIV tertile as the reference, participants in the highest PIV tertile had a significantly higher risk of renal function decline both in the unadjusted model (HR = 2.24, 95% CI: 1.97-2.55, P < 0.001) and the adjusted models (Model 1: HR 2.16, 95% CI 1.90–2.46, P<0.001; Model 2: HR 2.05, 95% CI 1.79–2.34, P<0.001; Model 3: HR 1.58, 95% CI 1.38–1.81, P<0.001). In addition, patients in the higher tertile of SII, SIRI, and PIV had a greater risk of renal function decline compared to patients in the lower tertile (all P for trend < 0.001). The Kaplan-Meier curves (Figure 3) were also performed to show that participants in the highest tertile of SII, SIRI, or PIV had a significantly higher risk of renal function decline than those in the lowest tertile (log-rank test, P < 0.001).

[image: Three Kaplan-Meier survival curves (A, B, and C) show survival probability over time for different groups (T1, T2, T3). Each graph includes a log-rank test with a P-value less than 0.0001, suggesting significant differences between the curves. Panels display survival for SII, SIRI, and PIV indices respectively, with accompanying “Number at risk” tables indicating sample sizes at various times.]
Figure 3 | Kaplan-Meier curves of time to incident renal function progression. (A) SII; (B) SIRI; (C) PIV.




3.3 Predictive capability of systemic inflammatory indices in renal function decline

According to the ROC curves (Figure 4), the AUC of the SII for predicting renal function decline was 0.576 (95% CI: 0.560-0.592) with an optimal cut off value of 576.292 (sensitivity 67.6%, specificity 45.1%). The AUC of SIRI was 0.612 (95% CI: 0.597-0.628) with an optimal cut off value of 0.925 (sensitivity 51.6%, specificity 65.6%). The AUC of PIV was 0.592 (95% CI: 0.577-0.608) with an optimal cut off value of 200.947 (sensitivity 54.5%, specificity 60.3%). The ROC curves showed that the SIRI was better than other two inflammatory indices in predicting renal function decline.

[image: Three ROC curve graphs labeled A, B, and C. Graph A (red line) shows SII with a cutoff value of 576.292, sensitivity 0.676, specificity 0.451, and AUC 0.576. Graph B (green line) shows SIRI with a cutoff value of 0.925, sensitivity 0.516, specificity 0.656, and AUC 0.612. Graph C (blue line) shows PIV with a cutoff value of 200.947, sensitivity 0.545, specificity 0.603, and AUC 0.592. Sensitivity is on the y-axis and specificity on the x-axis for all graphs.]
Figure 4 | ROC curves showing the predictive performance of the SII (A), SIRI (B), and PIV (C).




3.4 Subgroup analysis

To verify the robustness of the positive association between the systemic inflammatory indices and the risk of renal function decline, subgroup analyses were conducted in accordance with the following stratification variables: age (≥ 60 or < 60 years), sex (male or female), BMI (≥ 28 or < 28 kg/m2), HbA1c (≥ 7.0 or < 7.0%), eGFR (≥ 60 or < 60 mL/min/1.73 m2), hypertension (yes or no), MetS (yes or no), HF (yes or no), and the usage of RAAS inhibitors (yes or no). As shown in Supplementary Tables 2–4, the subgroup analyses showed that usage of RAAS inhibitors would decrease the predictive capability of systemic inflammatory indices in the risk of renal function decline, and these systemic inflammatory indices showed a stronger association with renal function decline in participants without the usage of RAAS inhibitors. In addition, these systemic inflammatory indices had a robust positive correlation with the risk of renal function decline in all other subgroups.





4 Discussion

We recorded 1,495 outcome events in the 9,537 included T2DM patients during a median follow-up of 26.1 months. Patients with outcome events had a worse general condition in blood tests, higher levels of systemic inflammatory indices and higher proportion of usage of RAAS inhibitors compared to those without the outcomes. A non-linear association of the SII, SIRI, and PIV with the risk of renal function decline was detected. Patients in the highest tertile of the three systemic inflammatory indices had a significantly higher risk of renal function decline compared to the patients in the lowest tertile. Among these three indices, SIRI suggested a highest risk of renal function decline and was better at predicting renal function decline than the other two indices. Subgroup analysis suggested a robust positive correlation of these systemic inflammatory indices with the risk of renal function decline in all subgroups except that usage of RAAS inhibitors would significantly lower the associated risk of renal function decline with the inflammatory indices.

While previous studies have well-established the positive association of systemic inflammatory indices with mortality and cardiovascular events in T2DM patients (4, 32–34), suggesting the predictive capability of systemic inflammatory indices in survival of T2DM patients. There are also some studies focusing on the relationship between systemic inflammatory indices and kidney diseases. Studies have demonstrated that higher level of SII was associated with higher prevalence and increased risk of renal function decline of DKD, one of the most common microvascular complications of diabetes mellitus (19, 35, 36). In addition, SIRI was also demonstrated to be an independent risk factor for DKD diagnosis, but the number of cases included in this study was relatively small (35). T2DM could not only induce DKD and deteriorate eGFR decline in DKD, but could also enhance renal function decline in CKD through multiple processes, in which inducing chronic inflammatory response might be one of the factors responsible (4). Higher levels of SII and SIRI have been found to be associated with greater prevalence of CKD (4, 22, 23, 37), SII was useful in predicting the progression of CKD into ESRD in pediatric patients (38), and SIRI was also revealed to independently predict CKD progression and was associated with advanced CKD in CKD patients (8). These results indicated that systemic inflammatory indices might be able to predict the renal function decline in T2DM patients. Our study remained to be the first investigation studying the association between systemic inflammatory indices and renal function decline in T2DM patients, and the predictive capability of these indices in renal function decline in T2DM patients.

Our study demonstrated that SIRI was better at predicting renal function decline than the other two indices, suggesting that increased count of neutrophils and especially monocytes rather than platelet might play a more important role in the T2DM associated renal function decline. Neutrophils activation in CKD could worsen kidney injury and contribute to the development of kidney fibrosis through release of reactive oxygen species and neutrophil elastase (39), while monocytes infiltrate into kidney tissue with enhanced transendothelial migration capacity (40, 41), differentiate into macrophages and deteriorate renal injury by exceeding the number of other immune cells in CKD (42). Though research data has shown that macrophage was responsible for the adipose tissue inflammation, impaired insulin production and initiation of chronic renal inflammation in T2DM (5), the specific mechanism of monocyte/macrophage and neutrophil in inducing T2DM associated renal function decline remains to be further investigated. It should be noted that we only stated the association between the increased inflammatory indices and renal function decline in T2DM patients, the causality between increase in neutrophils and monocytes/macrophage and renal function decline in T2DM and its detailed mechanism should be based on basic research.

Though the ROC curve demonstrated that SIRI was better than other two inflammatory indices in predicting renal function decline in T2DM patients, the AUC was relatively low (0.612, 95% CI: 0.597-0.628), and the sensitivity and specificity (sensitivity 51.6%, specificity 65.6%) of the prediction model based on single SIRI was not qualified enough to predict the renal function decline accurately. Prediction models considering not only SIRI but also other factors involved in the previously published data including cystatin-C, serum ALB, HGB, 24-hour urinary protein, albuminuria, Scr, baseline eGFR, serum transferrin, SUA, serum bilirubin, blood pressure and drug administration (43–47) would increase the sensitivity and specificity of prediction model in predicting renal function decline in T2DM patients. A prediction model for accurately prediction of renal function decline would improve management in T2DM patients. Subgroup analysis suggested that usage of RAAS inhibitors would significantly lower the inflammatory indices associated risk of renal function decline, a reasonable explanation is that RAAS inhibitor might block the profibrotic effect of angiotensin II and aldosterone induced by neutrophil/monocyte activation (38).

Limitations of this study should be noted. Firstly, inherent data biases might be present as this was a retrospective single-centered study. Prospective multi-centered studies are needed for validation of the association of inflammatory indices with renal function decline in T2DM patients. Secondly, the participants collected in this study were hospitalized patients with T2DM, which may cause deficiencies in representativeness and universality. Thirdly, this study only confirmed the correlation between inflammatory indices and renal function decline, further investigation is required to comprehensively understand the underlying mechanisms revealed in this study. Fourthly, there are some difference between the baseline characteristic of patients included in this study and patients excluded from this study due to short follow-up period, which may lead to potential selection bias. Finally, we could not distinguish whether the indices associated renal function decline in T2DM patients led to DKD or non-DKD CKD as the raw pathological data was unavailable.




5 Conclusion

A significant and positive association was shown between the elevated SII, SIRI, and PIV, and the risk of renal function decline in T2DM patients. Among these inflammatory indices, SIRI has relatively high predictive performance for renal function decline.
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